Engineering O-glycovariants of Etanercept with Heightened

Potency Using an O-Glycoengineered CHO Cell Line Platform

Thomas Biel!, Talia Faison?, Alicia Matthews?!, Guozhang Zou?*, Uriel Ortega-Rodriguez?, Melissa Pegues?, Nicole Azer!, Fabiola Gomez!, Hang Xie?, Cyrus Agarabit, Ashutosh Rao!, and Tongzhong Ju‘
1Office of Biotechnology Products, Center for Drug Evaluation and Research, Food and Drug Administration, Silver Spring, MD 20993
2Office of Vaccines Research and Review, Center for Biologics Evaluation and Research, Food and Drug Administration, Silver Spring, MD, USA

Abstract Materials and Methods

Asparagine linked glycans (N-glycans) on monoclonal antibodies impact Generation of clonally  -derived O -glycoengineered CHO cell

drug product safety and efficacy. Several therapeutic proteins also contain platform o . .
serine and threonine, linked glycans (O-glycans), but the significance of O To generate stable clones, transfected cells were exposed to antibiotic . \-\\&@e‘? AR
glycans on therapeutic proteins remains elusive. To investigate the impact selection , Fluorescence Activated Cell Sorting (FACS), and one round of 0&0 o‘i}@& o%é@ o%@&
of O-glycans on therapeutic potency and safety, we generated an © limiting dilution cloning at 0.5 cells/well. ?.“CE 7757 767 7 57 Time (day)
glycoengineered Chinese hamster ovary (CHO) cell line platform to Production and purification of experimental and O -glycovariants & 8 .+ - - + - - + Fed(day5)
modulate the expression of O-glycans on therapeutic proteins. As a proof of etanercept ﬁgh
of-concept study, we utilized this platform technology to generate five Harvest media underwent sequential chromatography. Etan-Ref was a ool ™ W el Anti-lgG1 Fe
different O -glycovariants of etanercept and investigated the impact of O commercially available therapeutic protein. 758
glycans on the physiochemical and biological properties of etanercept. Our Characterization ggf
results demonstrate that this CHO cell platform can produce O- Common techniques were performed to characterize and quantify purity, 25
glycoengineered therapeutic proteins containing truncated O-glycan identity, glycan content, isoelectric point, potency and TNF -a binding.. E
structures with and without sialic acid, Core 1 O-glycans with sialylated Statistics and Reagents
Core 3 O-glycans, or Core 3 Oglycans alone. Moreover, this platform Statistical analyses _ _ _ _ _ o
demonstrated to exclusively modulate O-glycans on etanercept as When 1 factor was analyzed, a onevay ANOVA was performed with a Figure 3. Generation of CHO cells expressing Etanercept. Figure 6. Physiochemical and biological characterization of reference
compared to N-linked glycans. Using the etanercept O-glycovariants, we Sidakds multiple comparison test t o Regresentalivé ignmunablats usisgtan antirhuman ig6¥ Fe specific e s . WAGIAl and gtanercept O-glycovariants. (A) isoelectric point, (B) TNF-a
confrmedthatO-gl ycans on etanercept al t er Jactorivas analyzed; eetwowdy ANO¥Ae ovasi pepdionmed aniibbdy. a Tukeyods Binding, and (C) TNF-a Neutralization.
and potency. Collectively, this report established an O-glycoengineered multiple comparison post -hoc test to identify significant differences. A p
CHO cell platform that can produce novel engineered proteins with desired value of < 0.05 indicated statistical differences. Etanercept .
O-glycanspfor higher qualityptherapeutics. ¥ i . . A \,,,of*i@ Giycovariets B @Qszkf & Glyoovarients @0&0"‘0\ Shveorrionts Conclusion
A > B O°<$O‘Lfbb‘<o C)O&:O‘L’bba‘o 250 - o o O
' & kDa % o 150 e g o - - - S 150 In summary, we established a manufacturing relevant O-glycoengineered
Intro d uction k??; ST o e B g - § 1004 g o .. CHO cell line platform to produce recombinant proteins. Using this
_ o _ B _ ]': -~ |cosmc e Lo o & 501 £ 50 creeny  Platform, we bioengineered etanercept as a proof of principle study and

Protein glycosylation is an enzymatic process that modifies certain .' - 5 37 S a7 demonstrated that changesinO-gl ycans can alter the
residues c_)f proteins by attqchm_ent of ollgosaccr_\arldes. Hundreds of 75F s Glyco Gene 1 e A g 223_—* Non-Reduced % 25 critical quality attributes. Collectively, we propose that this CHO cell
enzymes in the endoplasmic reticulum and Golgi apparatus are known to 50p & =| Glyco Gene 2 > 1o s S R . platform can be utilized for a variety of different applications such as the
contribute to the formation of glycans and glycosylation prior to protein | - g [DeewFasesesees - 2 e e | (Red) sroduction of O -glycan specific ligands for assay development, the
sorting to the plasma membrane or extracellular space. Two major 1 e T i 1 B s i Production of O -glycovariants of growth factors for cell culture, and the
glycc;cg,%_lalt(log t;llpes are N-linked ﬁlycans to ajparagme residues éNglycanS), Anti-Tn Antigen  Anti-STn Antigen * — S L L e | (<) manufacture of therapeutic proteins with designed O -glycan structures.
and O-linke cans to serine, threonine and even tyrosine residues occur Immunoblot Immunoblot - : - -
(O-glycans) o?]>|/:)roteins traversing through the secre¥ory pathway. N- omredueee e glr;sozljgzgn; t(:)ﬁgr-sgSégg;fgtggflﬂgrr;ﬂltjiglg¥o?2i?1 ?:I?Legtz atributes 0107
glycosylation is known to significantly impact drug safety and efficacy of Figure 1. Generation of O-glycoengineered CHO cells. A) Representative  Figure 4. Purity and identity assessment of purified O-glycovariants of |
therapeutic proteins. In contrast to N -glycans, the impact of O-glycans of immunoblot of glycosylation-related (Glyco) genes. B) Immunoblot of O- etanercept. A) Coomassie stained SDS-PAGE. B) Representative - -
therapeutic proteins on drug safety and efficacy remains unknown. glycans. Immunoblots. FDA M 1ISSI101N Rel evalice

CHO cells are the most common cell substrate for manufacturing | | |
recombinant protein therapeutics or biotherapeutics. Although CHO cells A O-glycans on therapeutic proteins may alter the safety, quality, and
are unique in their ability to produ EContol 0 2 @3 M4 5 lan activity of_a drug._ Using this platform, the impact o_f O -glycosylation on
i keo glycans, their adycahstricuregio prod .o . é therape_utlc proteins drug s_afety,_efflcacy and quality and safety can be
limited. CHO cells are unable to produce the Core 2, extended core 1, and g«g 100 B E i é determined. This platform is available.
core 3 complex O-glycans, but exclusively produce mono and di-sialylated S . -
Core 1 [ GaGaNAt-W]sestarlyBtures. Here we Sg S L — COntaCt InfOrmatlon
clonally-derived O-glycoengineered CHO cell lines through geneediting §§ > —— T
and transfection to have distinct O-glycosylation machinery to produce =& I ‘ Tongzhong Ju, M.D. & Ph.D.
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glycoproteins with sialyl Core 3 structures alone,sialyl Core 1 structures 675 263 879 104 1212 1940
with STn antigen or sialyl Core 3 structures, or Tn antigen with and without
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STnantigen. -
Etanercept is a dimeric fusion protein that contains the extracellular . FU N d 1N g al d SU p p O rt

igand binding portion of human p75 tumor necrosis factor receptor 2

iInked to the Fc portion of human IgG1 with three N -linked and thirteen O -
iInked glycosylation sites. Structural, physiochemical, and biological
characterization of etanercept and etanerceptykto, a biosimilar, in
combination with data from clinical studies suggest that changes in
sialylated O-glycans may impact the safety of etanercept. We used
etanercept for our proof-of-principle protein engineering studies and
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evaluated TNF-a binding, potency, and stability of each O-glycovariant as PO TP PR DR RS O N DG N M2 D|SC|a| mer Statem ent
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compared to a reference product. We demonstrate that changes in O Figure 5. Glycosylation characterization of reference material and | | - |
glycans on etanercept can alter the isoelectric point, increase TNFa Figure 2. Glycosylation characterization of glycoengineered CHO cell line etanercept O-glycovariants. (A) O-glycans and (B) N-glycans identified The authors have no interests to declare. This publication reflects the views
binding, and heighten the potency of etanercept without affecting the platform. (A) O-glycans and (B) N-glycans identified using CHO cell lysates. using reference material and purified etanercept proteins. of the authors and should not Dbe con:

sensitivity of the therapeutic protein to oxidative stress induced instability. policies.



